A new class of symmetrical and unsymmetrical 1,3,4-oxadiazoles was prepared. Interconversion of oxadiazoles to thiadiazoles and triazoles was effected in the presence of appropriate nucleophiles.
Introduction
Amongst five membered aromatic heterocycles oxadiazoles, thiadiazoles and triazoles have attracted significant interest in medicinal and pesticide chemistry and polymer and material science. Symmetrical and unsymmetrical 1,3,4-oxadiazoles are biologically versatile compounds displaying a variety of biological effects which include anti-inflammatory, 1 antifungal, common structural motifs acting as peptidomimetic moieties and as hydrogen bond acceptors. 25 They possess important pharmacological activities such as antifungal and antiviral. Examples of antifungal drugs are fluconazole, 26 itraconazole, 27 ravuconazole, 28 voriconazole, 29 and posaconazole. 30 One of the synthetic methods for the preparation of triazoles involves the use of N,N-dimethyl formamide dimethyl acetals. 31 The present communication deals with the synthesis of hitherto unknown symmetrical and unsymmetrical 1,3,4-oxadiazoles and their interconversion into thiadiazoles and triazoles in the presence of appropriate reagents.
Results and Discussion
In order to synthesize the target molecules, we have used the acid hydrazides of arylsulfonylacetic acid 5 and arylmethanesulfonylacetic acid 6 as synthetic intermediates. The 5 and 6 were prepared from the corresponding acids on esterification followed by treatment with hydrazine hydrate. The symmetrical 1,3,4-oxadiazoles, 2,5-bis(arylsulfonylmethyl)-1,3,4-oxadiazoles 7 were prepared by the cyclocondensation of arylsulfonylacetic acid 1 with 5 in the presence of phosphorus oxychloride. Similarly, 2,5-bis(benzylsulfonylmethyl)-1,3,4-oxadiazoles 8 were obtained by the reaction of benzylsulfonylacetic acid (2) with 6 in the presence of phosphorus oxychloride (see Scheme 1 and Mechanism 1). The 1 H NMR spectrum of 7a displayed a singlet at 4.18 ppm which was assigned to methylene protons. The 13 C NMR spectrum of 7a exhibited a signal at 55.1 ppm for methylene carbon apart from signals due to aromatic carbons. However, 8a showed two singlets at 4.07 and 4.59 ppm for the methylene protons flanked between sulfonyl and heterocyclic ring and benzylic protons. The 13 C NMR spectrum of 8a displayed two signals at 55.4 and 57.8 ppm due to methylene carbons. The signal which appears in the downfield region was assigned to the benzylic carbon. Thus, the highly symmetric nature of the compounds 7 and 8 was confirmed by 1 H and 13 C NMR spectra. On the other hand, 2-(benzylsulfonylmethyl)-5-(arylsulfonylmethyl)-1,3,4-oxadiazoles 9 were obtained by the reaction of 1 with 6 (Method A) or 2 with 5 (Method B) in the presence of phosphorus oxychloride. The identity of compound 9 prepared in two methods was confirmed by TLC and 1 H NMR spectra. The 1 H NMR spectrum of 9a displayed three singlets at 3.94, 4.18, 4.46 ppm which were assigned to the methylene protons present between the sulfonyl and the heterocyclic, the aryl and the sulfonyl and the arylsulfonyl and the heterocyclic moieties. The
13
C NMR spectrum of 9a showed three signals at 57.7, 53.5 and 58.9 due to the benzylic carbon and the methylene carbons present between the sulfonyl group and the heterocyclic ring, and the arylsulfonyl group and the heterocyclic ring, respectively apart from signals due to aromatic carbons. 
.. + -HCl
Mechanism 1
Replacement of -O-by -S-or -NH-in heterocycles was reported viz., Bordners 32 preparation of pyrroles from furan and the transformation of epoxides to episulfides by the action of thiocyanates or thiourea. 33 The compounds 7, 8 and 9 were treated with two fold excess thiourea in tetrahydrofuran. The reaction mixture after workup gave a solid which was identified as 2,5-bis(arylsulfonylmethyl)-1,3,4-thiadiazole 10, 2,5-bis(benzylsulfonylmethyl)-1,3,4-thiadiazole 11 and 2-(benzylsulfonylmethyl)-5-(arylsulfonylmethyl)-1,3,4-thiadiazole 12, respectively. The probable mechanism involves the formation of thiouronium salt which undergoes rearrangement to form mesomeric oxouronium salt via oxathiadiazepine derivative. Further, ring closure of oxouronium salt led to thiadiazole by the elimination of urea (see H NMR spectra of 10a, 11a, 13a and 14a exhibited a singlet at 4.21, 4.12, 4.22 and 4.14 ppm for methylene protons present between sulfonyl and heterocyclic moieties. Apart from this, compound 11a and 14a displayed another singlet at 4.65 and 4.64 ppm for benzylic protons. On the other hand, three singlets at 3.93, 4.25 and 4.52 ppm were observed in 12a while at 3.92, 4.21 and 4.50 in 15a due to methylene protons present between sulfonyl and heterocyclic ring, aryl and sulfonyl and arylsulfonyl and heterocyclic ring. The structure of these compounds was further confirmed by 13 C NMR spectra. 
2,5-Bis(phenylsulfonylmethyl)-1,3,4-oxadiazole (7a). Typical procedure
A mixture of 5a (2.14 g, 10 mmol), 1a (2.00 g, 10 mmol) and POCl 3 (7 mL) was heated under reflux for 5-6 h. The excess POCl 3 was removed under reduced pressure and the residue was poured onto crushed ice. 
2-(Benzylsulfonylmethyl)-5-(phenylsulfonylmethyl)-1,3,4-oxadiazole (9a).
Typical procedure Method A. A mixture of 1a (2.00 g, 10 mmol), 6a (2.28 g, 10 mmol) and POCl 3 (7 mL) was heated under reflux for 5-6 h. The excess POCl 3 was removed under reduced pressure and the residue was poured onto crushed ice. The resulting precipitate was filtered, washed with saturated sodium bicarbonate solution and then with water, dried and recrystallized from ethanol to get 9a as a white solid. Yield 3.06 g (78%). Method B. A mixture of 2a (2.00 g, 10 mmol), 5a (2.14 g, 10 mmol) and POCl 3 (7 mL) was heated under reflux for 4-5 h. The excess POCl 3 was removed under reduced pressure and the residue was poured onto crushed ice. The resulting precipitate was filtered, washed with saturated sodium bicarbonate solution and then with water, dried and recrystallized from ethanol to get 9a. Yield 2.74 g (70%); white solid; m. p. 148-150 °C; 5-(4-methylphenylsulfonylmethyl)-1,3,4-oxadiazole (9b) 2-(4-Chlorobenzylsulfonylmethyl)-5-(4-chlorophenylsulfonylmethyl)-1,3,4-oxadiazole (9c) . Yield 3.31 g (72%); white crystals; m. p. 184-186 °C;. 
2,5-Bis(phenylsulfonylmethyl)-1,3,4-thiadiazole (10a). Typical procedure
In a sealed test tube, a mixture of 7a (1.89 g, 5 mmol), thiourea (1.52 g, 20 mmol) dissolved in tertahydrofuran (5 mL) was taken. The contents were heated at 120-150°C in an oil bath for 24-30 h. After the reaction was completed, it was extracted with dichloromethane. The organic layer was washed with water, brine solution and dried over anhydrous Na 2 SO 4 . The resultant solid was recrystallized from methanol to get 10a. 
2,5-Bis(benzylsulfonylmethyl)-1,3,4-thiadiazole (11a). Typical procedure
In a sealed test tube, a mixture of 8a (2.03 g, 5 mmol), thiourea (1.52 g, 20 mmol) dissolved in tetrahydrofuran (5 mL) was taken. The contents were heated at 120-150°C in an oil bath for 20-22 h. After the reaction was completed, it was extracted with dichloromethane. The organic layer was washed with water, brine solution and dried over anhydrous Na 2 SO 4 . The resultant solid was recrystallized from methanol to get 11a. 
2-(Benzylsulfonylmethyl)-5-(phenylsulfonylmethyl)-1,3,4-thiadiazole (12a). Typical procedure
In a sealed test tube, a mixture of 9a (1.96 g, 5 mmol), thiourea (1.52 g, 20 mmol) dissolved in tetrahydrofuran (5 mL) was taken. The contents were heated at 120-150°C in an oil bath for 22-26 h. After the reaction was completed, it was extracted with dichloromethane. The organic layer was washed with water, brine solution and dried over anhydrous Na 2 SO 4 . The resultant solid was recrystallized from methanol to get 12a. Yield 
